The aim of the study was to determine the training needs of doctors managing emergencies in rural and remote Australia. A systematic review of Australian articles was performed using MEDLINE (OVID) and INFORMIT online databases from 1990 to 2016. The search terms included 'Rural Health', 'Emergency Medicine', 'Emergency Medical Services', 'Education, Medical, Continuing' and 'Family Practice'. Only peer-reviewed articles, available in full-text that focussed on the training needs of rural doctors were reviewed. Data was extracted using pre-defined fields such as date of data collection, number of participants, characteristics of participants, location and study findings. A total of eight studies published from 1998 to 2006 were found to be suitable for inclusion in the analysis. Six studies cited the results of selfreported questionnaires and surveys, one used a telephone questionnaire on a hypothetical patient and one utilised a theoretical examination. The studies found a significant proportion of participants wanted more emergency training. Junior rural doctors were found to have deficiencies in knowledge about stroke. Emergency skills doctors wanted more training including: emergency ultrasound, paediatric/neonatal procedures and cricothyroidotomy. However, many of the studies were performed by training providers that may benefit from deficient results. Given that the data was over 10 years old and that advances have been made in knowledge, training opportunities and technology, the implications for current training needs of rural doctors in Australia could not be accurately assessed. Thus there is a need for further research to identify current training needs.
Introduction

Rationale
Rural doctors in Australia are required to have a broad range of skills to be able to manage patients living in rural and remote areas. 1 The doctors in these areas could be general practitioners (GPs) with rural generalist training, locums, international medical graduates or resident medical officers (RMOs) completing their rural relieving terms, all with different levels of experience and training. 2 Most often, rural doctors are not Australasian College for Emergency Medicine (FACEM) trained physicians.
Rural doctors have access to a number of training modalities to
• Overall rural doctors wanted more training in emergency medicine.
• All papers that met the inclusion criteria were over 10 years old.
• More recent research is required in this area to determine current training needs.
improve and maintain their emergency skills. In Australia, courses targeting emergency skills such as trauma management, advanced airway skills and emergency ultrasound have been available for a number of years. [3] [4] [5] It is also important to recognise that the rural workforce is often transient 2, 6 and international medical graduates, RMOs or new locums may not have the opportunity to utilise these courses before working in rural communities. Furthermore the international medical graduates, RMOs and new locums are most likely to have gaps in their knowledge, given their unfamiliarity with rural practice.
Given the workforce difficulties faced by rural sector such as high turnover and need for locums, it is important to examine the training needs of the doctors working in rural areas so that training programmes can be developed to meet their needs. Further training is likely to increase rural doctor autonomy and confidence, reduce the need for transfers and benefit patients by improving safety and quality of service delivery in rural communities.
This systematic review evaluated the evidence related to the emergency training needs of rural doctors in Australia. No previous literature reviews on this topic were located, indicating a need for further research.
Objectives
To review the available evidence indicative of the training needs of doctors managing emergencies in rural and remote Australia.
Methods
Protocol
Study protocol utilised a modified version of the PRISMA guidelines 7 and was registered to PROSPERO (Registration number: CRD4201604 3068).
Eligibility criteria
Types of studies: peer-reviewed journal articles, published in English between the years 1990 and 2016 and available in full-text were included in this study. Grey literature, unpublished reports, working papers, letters, commentaries, biographies and news items were excluded from the study. As significant changes have been made to rural medicine in the past 26 years in terms of recruitment programmes and national funding into rural medicine, alongside the development of the rural generalist pathway, studies prior to 1990 are unlikely to be relevant to the current needs in rural and remote medical practice.
Types of participants: doctors practicing in rural Australia who were not fellows of the Australasian College for Emergency Medicine, medical students, nurses and paramedics were excluded. Given the governmental changes in the definitions of rurality between 1990 and 2016, rurality was defined as being outside state capital cities in Australia. In papers with mixed participants, where possible, only data relevant to rural doctors were included.
Types of intervention: articles that investigated the training needs, confidence levels, education requirements or competencies of rural doctors in any area relevant to emergency medicine were included. Critical care skills such as advanced airway management were also included.
Primary outcome measure: the primary outcome measure was the training needs of rural doctors in Australia. This was measured as both self-reported and reporting by senior authorities. Articles that evaluated workshops, courses or intervention were only included if a preassessment or training needs assessment was completed, which indicated gaps or deficiencies. Studies that evaluated training needs via patient outcomes were excluded.
Sources
Studies were identified by searching MEDLINE (OVID) and INFORMIT online databases. The reference lists of key articles were also searched, but no further articles were found. The final search was performed on 18 July 2016.
Search strategy
Preliminary searches were conducted in MEDLINE (OVID) to determine appropriate search terms and key articles examined to investigate common keywords, synonyms and Medical Subject Headings (MeSH) terms. Subsequently MeSH term and keyword searches were used in multiple combinations including 'Rural Health', 'Hospitals, Rural', 'Rural Health Service', 'Emergency Medicine', 'Emergency Medical Services', 'Education, Medical, Continuing', 'Family Practice' and 'General Practitioners'. For the full strategy see Appendix S1.
Study selection
Articles were reviewed in multiple stages. Initially articles were screened by title and abstract by a single investigator. Full-text analysis was completed by two independent researchers to determine eligibility. Any discrepancies were resolved by consensus.
Data collection
A data extraction tool based on the variables of interest was created for the purpose of this literature review. (i) Date of data collection, (ii) focus of the study, (iii) study method, (iv) number of participants, (v) participant characteristics (including level of qualifications, where available -if they are likely to respond to emergencies), (vi) the location of the study, (vii) outcome measures (including confidence levels, competency, training needs, plans for further training), and (viii) findings relevant to rural doctors.
One assumption made during the data extraction process was whether the rural doctors studied responded to emergencies. One study separated doctors into those who were on-call versus not on-call. In this case, the data was taken for those on-call with the assumption that they were a better representation of doctors that responded to emergencies.
Another article added an extra measure to their data set and compared the responses by number of trauma cases managed in the past 5 years. It was assumed that those that managed >10 were doctors likely to respond to emergencies, hence the data in which there was a statistically significant difference between the doctors who had seen more than 10 emergencies and doctors who had seen less, was excluded.
Across four articles, the population studied specified an interest in emergency medicine or interest in further training. It was assumed that these doctors were doing so because they felt they may be called on to address emergencies.
Risk of bias
All studies were appraised using the Critical Appraisal Skills Program (CASP) tool. 8 
Planned method of analysis
Studies where the data included groups that met exclusion criteria, such as FACEM or urban doctors, only data relevant to rural doctors were extracted. Studies that only reported combined data were excluded from the extraction process.
Results
Data from individual studies are presented in Tables 1 and 2 .
Study selection
The search of MEDLINE (OVID) and INFORMIT provided a total of 1349 records. After removing duplicates, 1211 articles remained. Of these, 1156 studies were excluded because the titles and abstracts did not meet the eligibility criteria. The full-text of 55 articles was examined in more details. Of these, 47 articles were removed because: 13 did not examine training needs, nine focussed on patient outcomes/patient statistics, five were international, five did not have separate data for rural and urban doctors, four evaluated workshops/interventions with no pre-intervention data, four were not specific to rural emergencies, three did not have doctors as the population, three used FACEM consultants or Australasian College for Emergency Medicine (ACEM) trainees and one discussed access to training, not training needs. A total of eight studies were identified for inclusion in the review (Fig. 1   7 ).
Study characteristics
Methods
There were significant variations in methodology across the studies.
Participants
Four studies exclusively surveyed rural, non FACEM doctors.
1,4,9,10 Participants in one study were predominantly urban doctors; however, in some sections data about rural doctors were reported separately enabling this data to be analysed. 11 In one study that included 13 FACEM doctors (6% of participants), the percentages were modified to exclude the FACEM doctors. Another study included a minority of urban GPs (25%) 2,3 and did not specifically separate data between the two categories of doctors. However, separated data for doctors that managed >10 trauma cases in the past 5 years was available. One study specified participants as rural doctors, but did not collect their qualification level.
12 One study exclusively used RMOs and international medical graduates working in rural EDs. 10 Some studies separated participants by doctors designated as oncall or doctors who had managed >10 cases of trauma in the past 5 years. As these doctors are a better representation of rural doctors who Two studies used data from 1998 to 2000.
9,11
Locations Two studies included doctors from around Australia, 1,2 while six were state-specific Queensland, 4, 11, 12 NSW,
and Western Australia. 3 
Outcomes
Most studies focussed on a variety of emergency topics. Three studies described management for emergencies in general, 2,4,11 three evaluated competency in management for specific emergency conditions 9,10,12 and four focussed on specific emergency skills.
1,3,9,11
Risk of bias within studies
Evaluation of risk of bias in all studies using the CASP tool is outlined in Table 3 . Most studies met the two screening questions, with the exception of one paper, which did not explicitly state the aims of the study; however, as it was describing the results of an education needs assessment, the aims are apparent to the reader. Justification of methods was poorly done by most papers (question 3); however, they were given a yes because overall methodology was deemed appropriate. The recruitment of participants (question 4) in four studies, while explained was limited to previous workshop participants or convenience samples. Question 6 discussed the researcher -participant 
Results of individual studies
Three main themes emerged in relation to the training needs of rural and remote doctors responding to emergencies: managing emergencies in general, the management of specific emergency conditions and performing emergency skills.
Synthesis of results
Given the variations in study design, participants and reported outcomes, a meta-analysis was not feasible.
Emergencies in general
Overall rural doctors wanted more training in emergency medicine. Table 1 described the results of the studies that examined the training needs of rural and remote doctors in emergency medicine in general. One study used a four point scale (1 = very uncomfortable, 2 = mildly uncomfortable, 3 = moderately comfortable, 4 = very comfortable) to measure the comfort of rural doctors managing 18 different emergency conditions and found that across these conditions, rural doctors averaged at 2.5 (confidence interval 0.76) and remote doctors averaged at 2.6. 11 One study found that 40.4% of rural doctors would like further emergency training in general. 4 Another study (n = 230) found that most respondents identified a need for more training in emergency medicine. The same study found that 28% of the doctors they surveyed did not hold a relevant qualification (including certificates) in emergency medicine. 2 
Specific emergency conditions
Two studies out of three studies exclusively evaluated specific emergency conditions and reported deficits related to them (Table 2 ). One study found that the knowledge of stroke among junior doctors (Post-graduate year 1-3 and international graduates not on specialist programmes) was below expected. The study used a multiplechoice and short-answer question examination that was validated by multiple senior clinicians. The average mark for the examination was 40%, with the pass mark at 51%. 10 A study focusing on Irukandji syndrome, found that doctors needed to improve their first-aid management. One study also found that rural on-call doctors lack confidence in managing cardiac tamponade (61%) and airway burns (56%).
9
Specific emergency skills A number of emergency skills were identified as training needs by rural doctors (Table 2) . Using a six point Likert scale (1: not confident at all to 6: extremely confident) one study found that doctors on-call rated 3 or less for cricothyroidotomy (65%), use of X-ray machines (68%) and lumbar puncture on neonates (56%). The same study found that 68% of doctors identified paediatric/neonatal procedures (resuscitation, IV access) as priority for upskilling. 9 Another study using a 100 mm analogue scale, found doctors were least confident in cricothyroidotomy (median 55) and diagnostic peritoneal lavage (median 45). 3 One study looking specifically at emergency ultrasound usage, found that 63.5% of respondents wanted education in focussed abdominal sonography in trauma (FAST), 43% wanted training in detecting foreign bodies and 42% in gynaecological emergencies. 1 When considering a list of 16 defined emergency skills, rural doctors on average rated their competence as 3.1 out of 4, with remote doctors averaging at 3.5.
11
Discussion
Summary of evidence
Overall across the studies, a significant proportion of rural doctors wanted or needed more training in responding to emergencies. Yet the studies identified were varied in methodology and reporting of outcomes, making comparisons difficult. Additionally all studies had low levels of evidence; however, given that the research question did not evaluate an intervention, randomisation was not applicable. Doctors perceived a need for more training in the management of emergencies in general. It is interesting to note that this occurred despite one study underreporting the results due to the inclusion of small number of FACEM doctors. A concerning finding was that 28% of doctors did not have formal training in emergency medicine available to them before beginning to practice rurally or during their rural tenure.
The finding that junior rural doctors have below the expected standard in theoretical knowledge for stroke is consistent with previous research, where majority of junior doctors felt inadequately prepared for their rural terms. 13, 14 While mandatory courses in emergency medicine are completed by rural relievers and ACRRM trainees prior to rural practice, these results suggest that junior rural doctors should be targeted in further research to ascertain ways to better prepare them for rural emergencies.
Region specific skills such as the first-aid management of Irukandji syndrome was also a topic for further training. Over half of responding doctors (52%) did not mention the use of vinegar spontaneously, which at the time was the recommended treatment.
12 Moreover, as a significant proportion of rural doctors move between rural locations, they may not be familiar local conditions at new rural sites. 2 While the relevance of these findings to current training needs may be difficult to determine given the age of the studies, the results may indicate a need for further training in region-specific emergencies.
The relevance of doctors not being confident in performing a cricothyroidotomy can be argued as rural doctors rarely perform invasive surgical procedures. 3 However when this skill is required in life-threatening, time-critical emergencies where transfer to a larger centre may not be possible. Lack of confidence performing diagnostic peritoneal lavage (DPL) in a rural setting is not relevant to current practice as it has mostly been replaced by FAST scans and CT imaging. 15 Training in emergency ultrasound was another skill evident in the data. However, given the increased availability of bedside ultrasound since the time of the study, 16 the number of current doctors requiring training, may not be as high as indicated by this review. Updating the evidence about the need for specific emergency skills and the best ways to maintain currency in particular skills is a research priority.
While it can be argued that rural generalists are more confident in dealing with emergencies than urban GPs, 11 the lack of immediate access to tertiary hospitals and emergency specialist care requires in rural practitioners to maintain a broad range of skills. 17, 18 Consequently, rural doctors have different training needs to their urban counterparts.
It is important to note that as many of the studies were performed by training providers who would benefit from deficit results, an independent assessment of training needs may be required to provide a more objective outcome.
Limitations
One of the biggest limitations of the studies was that data available was collected 1998-2006, making the data over 10 years old. Consequently, it is impossible to comment on the current training needs without current data. Over the past 10-15 years, medical practice has changed considerably in many areas with the development of newer medications and technologies with sometimes fatal side effects. Examples include the advent of immunotherapy in the management of cancers, gastrointestinal disease and neurological diseases. Side effects usually occur a few days after the infusion of these agents at home. 19 This means the rural doctors are expected to identify and manage these patients as a high priority.
Unpublished data and grey literature were excluded from this review, which may have resulted in a retrieval bias. For example, health service bodies regulating rural doctors may have conducted more recent studies for the purposes of quality improvement but limited their publication to organisational reports. Furthermore, some research has been published as perspectives, such as a 2015 paper published in Emergency Medicine Australasia which included a survey on emergency medicine course attendance and preparedness of rural doctors. 20 Many studies used a small number of participants making the data less reliable, and four out of five studies using >200 participants had recruitment strategies that would introduce selection bias (Table 1) .
Given these limitations, the training needs of rural and remote doctors responding to emergencies cannot be adequately assessed. In addition, new models of supervisions and training have also been adopted by training providers in the past 10 years including tele-supervision, online forums and video linked lectures. Consequently, new studies are required to address contemporary training needs.
Conclusion
Our review suggested that significant proportion of doctors in rural areas wanted more emergency training including training in specific skills and diseases. Since advances have been made in medical knowledge and models of supervision and training, after the latest paper in this review was published, nature of current training needs of rural doctors in Australia could not be accurately assessed. More research is required to assess the current training needs of rural doctors accounting for the recent changes and technological developments for the provision of support for rural medical practitioners. In particular, junior doctors should be targeted, as the research suggests they are the population most likely in need of further training.
